The slides must be as clean as possible. Our method is to put the old slides in an alkaline soap solution to remove the oil, then into good cleaning solution for a day or so. The slides are then washed carefully with distilled water and dried between paper towels. Washing with alcohol seems to have no additional cleaning effect. The slides selected should be as free from scratches as possible. Just before use they are flamed strongly.
The organisms
The organisms are best grown in bouillon for twelve to twentyfour hours from which they are centrifuged, suspended in distilled water, recentrifuged, and resuspended to give a slightly milky suspension. This amount of washing is usually sufficient but further washing may sometimes give a clearer slide. Very good results may also be obtained by making a dilute suspension of the organisms from an agar slant. A loopful of the organisms s placed on the end of the slightly warm slide and allowed to run down the slide. If the water does not run down the slide it is greasy and should be discarded. Contrary to general opinion the flagella on some bacteria at least, are not easily broken off. A suspension of typhoid bacilli in distilled water was shaken in a shaking machine for twenty minutes with only a loss of about 50 per cent of the flagella. Suspended in distilled water, the flagella on typhoid bacilli were found to remain intact for one month. No stains were made after this length of time. Bacillus terminalis flagella were still intact on the organisms after two weeks in distilled water. The ingredients are mixed in the order given. A slight precipitate usually forms which may be filtered off but this is not necessary. The stain should be kept in a tightly stoppered bottle and will keep for a week or more. As the stain gets old it stains more faintly than at first but less precipitate also forms on the slides. The stain will remain in good condition longer if a greater amount of dye is added, but only after one or more days does it really become good. If the stain is to be used at the time of preparation only, the quantities of dye which are added may be reduced. Instead of 3 cc. of fuchsin 2 cc. will give somewhat better results.
On a warm day the unfixed smears may be flooded with the stain and left at room temperature for ten minutes. On a cold day, however, it is better to place them in the incubator. The EINAR LEIPSON higher the temperature the more deeply stained the flagella will be but more precipitate will also form on the slide. After about ten minutes the stain is washed off with water. Very little work seems to have been done lately on the nature of bacterial flagella. The most complete discussion of the subject seems to be that of Migula in his well-known "System der Bakterien." From the data then at hand Migula concluded that flagella were out-growths of the bacterial ectoplasm. This idea also seems to be generally accepted at the present time. From the appearance of flagellar preparations of Bact. typhosum, and
Proteus vulgaris a different conclusion may be drawn. As already stated, neither of these organisms stains solidly with the flagella stain. The flagella, the ectoplasmic zone, and a central column are stained red. The rest of the organism is colorless unless a counter stain is used in which case it takes the color of the counter stain. In a number of cases the flagella are seen to originate in the central coluxmn. Only rarely does a flagellum originate between the central column and the ectoplasmic zone. Most frequently the flagella seem to originate on the surface. Figure 1 shows drawings of a number of typhoid bacilli. Figure 2 The sporulating organisms studied, both Gram figure 3 .
From the data obtained, with Bact. typhosum especially, it might be concluded that bacterial flagella are not of ectoplasmic origin but originate in the endoplasm, and perhaps in come definite structure in the endoplasm. This conclusion would find substantiation in the work of Smith and Reagh (2) where it was shown that agglutinins produced against a motile strain of Hogcholera organisms were not very active against a non-motile strain of the same organism. It is concluded that the agglutinins for the flagella and the cell body are different.
In the case of organisms having terminal spores, the flagella as a rule first fall off the end in which the spore is located. This perhaps may not be taken to indicate that the flagella come from the endoplasm but merely that the ectoplasm is weakened around the spore. Figures 4 and 5 are photographs of Cl. botulinum showing both flagella and spores. Figure 4 was especially selected to show an organism in which the flagella were still intact even on the spore end.
Flagella and capsules may be present on the same organisms. An especially beautiful demonstration of this is found in the case of Ps. aeruginosa (pyocyaneus) as shown in figure 6. These cells were obtained at autopsy from the peritoneal fluid of a guinea pig injected with the specific organism.
In the experiments on the effect of additions of acid (hydrochloric) to the flagella stain it was noticed that when a certain concentration (1/10 N) was reached the flagella would no longer stain evenly but as a series of dots. The dots'are round and evenly spaced. If-the acid concentration is increased still further the flagella do not stain at all. If carbol fuchsin is added to a hanging drop of Vibrios (and other organisms as well) some flagella can be seen. These flagella are not stained solidly but as a series of dots. These dots may be artefacts, of course. If they represent real structures the probability would be from their staining behavior that they are nuclear in nature. The stains generally used for bacterial capsules are not altogether satisfactory. The stain for flagella described in the preceding pages is also an excellent capsule stain. The method of making the smears and staining is exactly that described for flagella staining. The counter stain, however, is obligatory. With basic fuchsin in the stain and methylene blue in the counter stain, the capsules are stained red and the organisms blue.
Organisms such as pneumococci may be stained for capsules by smearing the slides directly from peritoneal fluid. It is, however, generally best to wash the organisms in distilled water before making the smear. The washing is performed as described for flagella staining. The stains are most conveniently made by preparing the smears from distilled water suspensions of the organisms from agar slants.
In case of organisms having both capsules and flagella, both are stained simultaneously as illustrated by figure 6. In such cases both the capsules and flagella take the color of the stain while the organisms take the counter stain. Organisms of the Bact. coli group have also been found with both capsules and flagella. 7. The flagella stain described is also an excellent capsule stain. This does not indicate that flagella and capsules are of similar composition.
